1] Recent examinations of the chemical fluxes through convergent plate margins suggest the existence of significant mass imbalances for many key species: only 20-30% of the to-the-trench inventory of large-ion lithophile elements (LILE) can be accounted for by the magmatic outputs of volcanic arcs. Active serpentinite mud volcanism in the shallow forearc region of the Mariana convergent margin presents a unique opportunity to study a new outflux: the products of shallow-level exchanges between the upper mantle and slab-derived fluids. ODP Leg 125 recovered serpentinized harzburgites and dunites from three sites on the crests and flanks of the active Conical Seamount. These serpentinites have U-shaped rare earth element (REE) patterns, resembling those of boninites. U, Th, and the high field strength elements (HFSE) are highly depleted and vary in concentration by up to 2 orders of magnitude. The low U contents and positive Eu anomalies indicate that fluids from the subducting Pacific slab were probably reducing in nature. On the basis of substantial enrichments of fluid-mobile elements in serpentinized peridotites, we calculated very large slab inventory depletions of B (79%), Cs (32%), Li (18%), As (17%), and Sb (12%). Such highly enriched serpentinized peridotites dragged down to depths of arc magma generation may represent an unexplored reservoir that could help balance the input-output deficit of these elements as observed by Plank and Langmuir (1993, 1998) and others. Surprisingly, many species thought to be mobile in fluids, such as U, Ba, Rb, and to a lesser extent Sr and Pb, are not enriched in the rocks relative to the depleted mantle peridotites, and we estimate that only 1-2% of these elements leave the subducting slabs at depths of 10 to 40 km. Enrichments of these elements in volcanic front and behind-the-front arc lavas point to changes in slab fluid composition at greater depths.
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Introduction
[2] The Izu-Bonin-Mariana (IBM) arc system presents a unique opportunity to study the operation of the ''Subduction Factory'' in an intraoceanic setting. The IBM system differs from other convergent margins in that old, cold lithosphere is subducted, and as there is no geophysical evidence for an accretionary prism [Horine et al., 1990] , sediment subduction is probably complete [e.g., Stern et al., 2004 ]. This arc system is also distinctive in that subductionrelated chemical outputs may be sampled at four different ''depth steps'': at $20-40 km depths via the forearc serpentine mud volcanoes (seamounts) Parkinson et al., 1992; Parkinson and Pearce, 1998 ]; at $100-120 km slab depths by the volcanic arc front [Bloomer et al., 1995; Elliott et al., 1997; Ishikawa and Tera, 1999; Straub and Layne, 2002] , via cross-arc seamount chains between 100 and 200 km slab depths [Hochstaedter et al., 2001] , and at $250 km or more in its backarc spreading systems [Stolper and Newman, 1994; Bloomer et al., 1995; Hochstaedter et al., 2001] . For these reasons the IBM system was selected as a focus area for the MARGINS ''Subduction Factory'' initiative (http://www. margins.wustl.edu/SF/I-B-M/IZUBonin.html). One of the main goals of this initiative is to characterize chemical outputs at each of these four ''depthsteps'', toward modeling elemental and isotopic mass balances through the IBM system.
[3] Flux imbalances of a number of key geochemical tracers in subduction zones point to the existence of potential outfluxes other than arc and back-arc volcanism. Plank and Langmuir [1998] note that for elements like K, Cs and Rb, arc volcanic outputs account for only $20-30% of the flux input at trenches. For highly soluble trace elements, such as B, Cs, As, Sb and (to a lesser extent) Pb and Rb, data from studies of cross-arc chemical variations show that slab-derived inputs to arc source regions decrease with progressively deeper subduction, reaching mantle-like values in the rearmost centers Noll et al., 1996; Morris and Ryan, 2003 ]. For boron, experimental studies and measurements of fluids from accretionary complexes indicate that fluid releases in proximity to the trenches can account for another 10-20% of the input budget [You et al., 1993 [You et al., , 1995 . Thus less than $50% of the B subducted in sediments and altered ocean crust (AOC) is accounted for by known arc and trench outputs, and essentially none of this B reaches the deep mantle [Ryan and Langmuir, 1993; Ryan et al., 1996; Ishikawa and Nakamura, 1994; Chaussidon and Marty, 1995] . According to Bebout and Barton [1993] , the large-scale stable isotope homogenization of Catalina Schist mélange rocks correlates with enormous fluid mobile element (FME) mass transfers and substantial FME depletion at higher metamorphic grades [Bebout et al., 1999] . It is clear that for some species, a substantial, fluid-mediated ''return flux'' between the trench and the arc is necessary if we are to explain global variations. We report evidence for potentially large material releases from the subducting slab in the IBM system, as recorded in the serpentinized perido-tites extruded at the Conical Seamount in the Mariana forearc region.
Regional Geology
[4] The IBM arc system extends for $2800 km, from near Mt. Fuji (Japan) to south of Guam (Mariana Islands), where the Mesozoic Pacific Plate is being subducted west-northwestward beneath the Philippine Sea Plate. Subduction in both regions began nearly simultaneously in the Early Eocene, as evidenced by the eruption of boninite and arc-tholeiite lavas on Chichi Jima, the Bonin Islands, and on Guam [Bloomer et al., 1995; Stern et al., 2004] . The Pacific plate descends at a $20°d ip angle to $60 km depths, while at depths >100 km it sinks abruptly (almost vertically in the Mariana segment, and at $65°in the Izu-Bonin segment) beneath the Philippine Sea Plate [Fryer et al., 1992] . On the basis of seismic reflection data, Horine et al. [1990] concluded that only minor sediment accretion occurred along the Izu-Bonin margin. As with the Izu-Bonin, the nature of dredged samples from the slopes of the Mariana trench (i.e., island arc tholeiites and boninites) suggests little or no current sediment and/or oceanic crustal accretion in the Mariana margin [Bloomer et al., 1995; Fryer et al., 1990 Fryer et al., , 1992 Plank and Langmuir, 1998 ].
Serpentinite Seamounts in the Mariana and Izu-Bonin Forearcs
[5] The basement of the IBM forearc formed after the initiation of arc volcanism and is a consequence of either the trapping of old, most probably Philippine Sea oceanic crust, or intraoceanic rifting caused by island arc volcanism (for discussion, see DeBari et al. [1999] ). The Mariana forearc preserves a record of extensive vertical movements resulting from seamount collision and fracturing associated with the arc configuration and plate motions over time . In the IBM system, approximately 50-120 km westward from the Mariana Trench axis, along the trench-slope break (outer-arc high) numerous non-volcanic seamounts occur [Fryer and Smoot, 1985; (Figure 1 ). Two types have been described: horst blocks of forearc material, occurring $0-50 km from the trench; and large serpentinite seamounts, found 50-120 km from the trench, formed by the diapiric protrusion and eruption of serpentine muds (mud volcanoes Benton, 1997] ). More than twenty of these seamounts have been documented within 120 km of the trench axis in the forearc [Fryer and Smoot, 1985; ( Figure 1 ). These seamounts are conical in shape, 10-50 km in diameter at their bases, and 500-2000 m high [Ishii et al., 1992] .
[6] Conical Seamount lies at 19°31 0 N Lat., 146°40 0 W Long., at 3100 m below the sea level. It is 15 km in diameter at the base and 1110 m in height (Figures 2a and 2b) , located $80 km west of the trench axis. Conical Seamount is considered active because of the discovery of recent mud extrusions and the venting of fresh fluids with deep slab origins [Mottl, 1992; Fryer and Mottl, 1992] . Three holes were drilled in the Conical Seamount during the ODP Leg 125: two on the flanks (Sites 778 and 779) and one at the summit (Site 780) [Fryer et al., 1990] (Figure 2a ).
Sample Selection and Analytical Methods
[7] A suite of serpentinized peridotite clasts from the Conical seamount was selected for this study. These rocks are usually recovered as dense, cm-sized clasts, surrounded by a fine-grained mud matrix (serpentinite mud). Our intent was to select samples that record conditions of maximum peridotite-slab fluid exchange at depth, so samples were chosen to include vein-rich and heavily serpentinized clasts with high loss on ignition (LOI) values (often >12%). Textural and mineralogical relationships of veined samples were examined in thin sections using standard petrographic techniques. Samples for bulk rock analysis were crushed and powdered using an alumina ball mill (for major elements) and/or an agate mill (for trace elements [8] Lithium abundances were measured by DCP-AES, following the HF: HClO 4 sample digestion procedures of Ryan and Langmuir [1987] . All Li measurements were performed by standard additions techniques, using a gravimetric Li standard made from ultra-pure Li 2 CO 3 . Reproducibility of our Li determinations was ±5% at the 1 ppm Li level. B abundances were measured at USF via DCP-AES following a Na 2 CO 3 fluxed fusion method modified from that of Ryan and Langmuir [1993] in that as a final step, all solutions were neutralized with ultra-pure HNO 3 , and no column preconcentration procedures were used. Since the majority of the measured serpentinites have B abundances >10 ppm, reproducibility of B measurements for this study was ±5%.
[9] A subset of serpentinites was analyzed for rare earth elements ( all these elements were reproducible to $±2%, based on monitoring by replicates of the certified standards JB-3, BIR-1, AGV-1, JP-1 and DTS-1. Comparisons to standards reveals an accuracy of about ±5% for higher concentration elements, and about ±10% for the lowest concentration elements, such as Zr, Hf, Th, Nb, As, and Sb.
[10] Sr isotope measurements were carried out at Osservatorio Vesuviano (INGV, Naples, Italy). Sr was extracted via conventional ion-exchange chromatographic techniques in an isotope clean laboratory facility. Measurements were made by thermal ionization mass spectrometry (TIMS) techniques on a ThermoFinnigan Triton TI multicollector mass spectrometer running in static mode. The normalization value for fractionation of 87 Sr/ 86 Sr was 86 Sr/ 88 Sr = 0.1194. External precision (2 sigma) for Sr isotope ratios from successive replicate measurements of standards was better than 10 ppm for the SRM-987 International Reference Standard for Sr (average 87 Sr/ 86 Sr = 0.710249; N = 29; standard deviation = 6.6 Â 10 À6 ). The total blank for Sr was negligible for the measured samples during the period of measurements. irregularly shaped grains ( Figure 3 ). Orthopyroxene is often altered to serpentine and commonly preserves the ''herringbone'' texture of clinopyroxene exsolution lamellae. According to Ishii et al. [1992] , the orthopyroxene is Mg-rich enstatite with low CaO (<0.2 -0.6 wt%) and Al 2 O 3 ($2 wt%). Clinopyroxenes (typically diopsides) are usually small in size (0.1-1 mm), and occur between or inside orthopyroxene grains. The original spinel phase is chromite (Cr # reaching $80) [Parkinson and Pearce, 1998 ] and when found it occurs in close association with orthopyroxene ( Figure 3 ).
Results and Discussion
[12] The examined ultramafic clasts are all 70% to 100% serpentinized. As noted by Saboda et al. [1992] and Zack et al. [2004] , chrysotile and lizardite are common in the Mariana forearc serpentinites, while antigorite is typically absent or very rare. These observations reveal that the alteration of the Leg 125 peridotites records low temperatures (<250 C°), where olivine is altered to mesh-textured lizardite, orthopyroxene to bastitic lizardite, and many of the clasts are cross-cut by complicated sets of serpentine (mostly chrysotile) veins ( Figure 3 ). Sometimes LOI values exceed those characteristic for serpentine minerals of 13-14% [O'Hanley, 1996] . However, the samples with elevated LOI's do not show elevated CaO (or lowered MgO contents), indicating the absence of carbonates and the presence of abundant brucite in these samples.
[13] The maximum pressure-temperature metamorphic conditions of the Mariana forearc samples are lower than the lawsonite-albite metamorphic facies from the Catalina Schist [Bebout, 1995; Bebout et al., 1999] . The preponderance of low temperature serpentine minerals is consistent with recently proposed models of forearc metamorphic conditions between 20 to 40 km depths of Hyndman and Peacock [2003] (i.e., the scarcity of antigorite and the abundance of chrysotile, occurs at depths <35 km and temperatures <250°C). Metamorphic conditions in the Mariana forearc may reflect lower temperatures because the IBM forearc crust is thin, allowing the mantle underneath to cool more efficiently. The presence of Na-rich amphiboles in the mud matrix enclosing the serpentinized peridotites [Fryer et al., 1999 
Fluid Mobile Element (FME) and Large Ion Lithophyle Element (LILE) Variations
[15] The B abundances of serpentinized peridotite clasts from Conical Seamount decline from $60 ppm close to the ocean floor to an average value of $16 ppm below 60 mbsf ( Figure 9a ). Boron abundances correlate positively with LOI at Site 780C, but show no such correlation for the other drill sites. Similar downhole declines in B abundance was observed in the Leg 125 serpentinite mud data set of Benton et al. [2001] and Savov [2004] , as well as in the Leg 125 pore water data set of Mottl [1992] . As seawater contains $4.4 ppm boron [Mottl, 1992] , the averages and the range for B concentrations were calculated for serpentinized peridotites recovered below the core depth intervals affected by seawater. At these core depths, boron concentrations tend to be uniform. A detailed description of the boron systematics at Con-ical Seamount sites 779 and 780 is given by Benton et al. [2001] .
[16] Arsenic and cesium contents of the Site 780 samples range from 0.15 ppm to 0.74 ppm and 0.12 ppm and 0.44 ppm, respectively, with average Figure 9d ). As with arsenic and cesium, we observe no systematic downhole Sb variations.
[17] Lithium is enriched in our serpentinized peridotites to a slightly lesser degree than As and Cs.
The average Li content of our samples is $4.6 ppm (Site 779A: Li = 3.9 ppm and Site 780C Li = 6.3 ppm [see also Benton et al., 2004] ). Our bulk rock Li abundances are similar to those of abyssal serpentinites we have analyzed from other ODP Sites (637A, 897D, 920D and 895D), and are comparable to the abundances reported by Decitre et al. [2002] . Conical Seamount Li abundances are clearly elevated relative to those of the inactive Torishima Seamount in the northern Marianas (average Li = 2.4 ppm) and to the depleted mantle ( Figure 9e ). The lithium enrichments observed in forearc serpentinized peridotites, coupled with extremely low pore water Li contents [Mottl, 1992] , and the extremely high d 7 Li of such fluids [Savov et al., 2002] , provide new constraints on the mechanisms for input, storage, and distribution of moderately fluid-soluble elements in mantle sources [see also Benton et al., 2004] . The behavior of lithium, arsenic and cesium during shallow sub- duction resembles that of boron, suggesting that these species may move readily off the slab and into the mantle at very low temperatures.
[18] The solubility of large-ion incompatible trace elements such as K, Sr, Rb and Ba has been suggested on the basis of serpentinite decomposition experiments at high pressure [Tatsumi and Nakamura, 1986] , and by the abundances of these elements in phengites and amphiboles in the $2 GPa eclogites from Trescolmen (Central Alps) [Zack et al., 2001] . However, our Conical Seamount samples show abundances of these elements that are similar to, or only modestly elevated relative to mantle values ( Figure 6, Figures 9g  and 9h ). Potassium and rubidium contents modestly higher than seawater in Conical Seamount pore waters point to some mobility of these species in the forearc, but not to their substantial removal from the slab at shallow depths. Both Sr and Ba are markedly depleted in Conical seamount pore waters [Mottl, 1992] , indicating very limited mobility and restricted transport off the slab. [20] The hydrated peridotites from the Mariana forearc region are highly residual [Parkinson et al., 1992; Parkinson and Pearce, 1998 ] and thus might be expected to have high U/Th ratios. According to Sun and McDonough [1989] D Th < D U , which means U/Th will increase with increasing extents of melting. Also, since U shows fluidmobile behavior in some arc settings [Turner et al., 1997] while Th does not [Reagan et al., 1994] , subarc mantle peridotites may also gain uranium from U-enriched slab-derived fluids and/or melts in regions of arc magma generation.
Uranium-Thorium-Lead Systematics
[21] Plank and Langmuir [1998] observed an imbalance between the subducting inventory of U and its releases at arcs and back-arcs [see also Elliott et al., 1997; Noll et al., 1996, and references therein] . This imbalance requires that either some U be returned to surface reservoirs before subducting slabs reach the deep mantle, or that U remain on [Bailey and Ragnarsdottir, 1994] , could potentially produce elevated fluid U/Th. However, the pore fluid results of Mottl [1992] document that Leg 125 pore fluids are reducing. On the basis of these pore fluid studies, and the very low U and Th abundances in the serpentinites, we suggest that in the Mariana forearc uranium behaves less like a truly H 2 O mobile element, such as B, As, Cs, I [see Snyder et al., 2005] , or N [Sadofski and Bebout, 2003] , and more like Th and the immobile rare earth elements (REE) and high field strength elements (HFSE).
[22] The U and Th data are consistent with models that presume retention of uranium on the slab to arc depths and beyond (K. Kelley Morris and Ryan, 2003 ], but further field and geochemical study of cross-arc variations and back-arc regions, especially in the Marianas, are required to confirm these contentions. As the abundances for arsenic and antimony (and to much lesser extend lead) in our forearc serpentinite samples are higher than that of the 1998]. Gruau et al. [1998] argued that lowtemperature hydrothermal alteration by fluids derived from the continental crust was responsible for the U-shaped REE patterns and positive Eu anomalies in serpentinized harzburgites. However, large volumes of continental materials are not present in the arc-trench gap of the IBM subduction system [see Fryer et al., 1992; DeBari et al., 1999; Plank et al., 2000] . LREE-enriched fluids (with anomalously elevated Eu) have been reported from active hydrothermal fields along the East Pacific Rise [Langmuir et al., 1997; Douville et al., 1999] . German et al. [1999] notes that hydrothermal sediments that interact with LREE-depleted Euenriched fluids preserve the fluid-like LREE-depleted patterns. The absence of REE correlations with LOI ( Figure 6) , and the similarity of the REE patterns in all of the studied samples ( Figure 10) suggests that the Leg 125 serpentinites preserve the REE signatures of their protoliths. The REE sig- natures of these serpentinized peridotites are similar to those reported by Parkinson et al. [1992] , confirming that the REE patterns of Conical Seamount serpentinites are caused by the combination of high degree melting, and the subsequent fluxing of the subarc mantle with LREE-enriched fluids or melts. In intraoceanic settings, melts or fluids with such characteristics are developed only beneath arcs. The positive Eu anomalies probably relate to the reducing environment that develops after extensive serpentinization [Mottl, 1992] and can stabilize Eu 2+ . According to Noll et al. [1996] , similar processes are commonly observed in hydrothermal ore and banded iron formations worldwide. The positive slopes of the HREE ([range of Gd/Yb] N = 0.03-1.3) indicate mantle protoliths that were very depleted. Except for the Eu anomalies, the REE patterns of our serpentinites resemble those of western Pacific boninites [Parkinson et al., 1992 , Pearce et al., 1999 Deschamps and Lallemand, 2003 ]. The less hydrated serpentinites of the Leg 125 suite have been modeled as boninite source rocks [Parkinson et al., 1992] .
Our results are consistent with evidence that point to a complex array of processes governing boninite production [Crawford et al., 1989] , including the melting of variably hydrated (serpentinized) peridotites as a means of boninite genesis.
High Field Strength Elements
Systematics (Ti, Zr, Hf, Nb)
[24] Our Conical Seamount samples have low zirconium, hafnium, and titanium abundances compared to the depleted mantle values of Salters and Stracke [2004] , and Nb abundances that range both higher and lower than depleted mantle (Figure 11) . LOI values and HFSE/Yb ratios do not correlate in our data set ( Figure 6 ). Woodhead et al. [1993] note that high degree fluxed melting of the mantle wedge is necessary to explain the HFSE systematics in primitive arc lavas (i.e., the higher Ti/Zr and Ti/Eu ratios of primitive arc lavas relative to MORBs). Brenan et al. [1994] and Tatsumi and Nakamura [1986] have shown that the HFSE remain immobile under low temperature hydrous conditions, with abundance patterns controlled entirely by source abundances and extent of melting. As with the REE, HFSE systematics of our Conical Seamount samples in general support a model of high degrees of melt extraction from mantle protoliths, as previously discussed by Parkinson et al. [1992] and Parkinson and Pearce [1998] . The variation in our Nb data appears to be real, and is difficult to reconcile with general models of melt extraction. One possible explanation is localization of Nb in oxide phases, which may be heterogeneously distributed on the scale of sampling.
Strontium Isotopes
[25] The Mariana forearc serpentinized clasts have 87 Sr/ 86 Sr ratios that show no relationship to LOI, and are much lower than seawater 87 Sr/ 86 Sr (Table 3 ; Figure 4 ). The serpentinite sample with the highest 87 Sr/ 86 Sr comes from near the top of the section ($0.7054), while deeper samples decline to uniform and less radiogenic ratios ($0.7049) (Figures 4a and  4b ). Our Sr isotopic data complement the results of Haggerty and Chaudhuri [1992] , which show that interstitial waters from the unconsolidated serpentinite muds have 87 Sr/ 86 Sr between 0.7091 and 0.70525. Both data sets indicate that the high 87 Sr/ 86 Sr in deep pore fluids and serpentinized peridotites record interaction with a non-seawater high 87 Sr/ 86 Sr source.
Constraining Seawater Interactions
[26] While seawater contributions for many of the species examined here are likely to be negligible, elements such as Na, Ca, Sr, K, and B, and the isotopic signatures of Li, B, Sr, O and H, may be drastically impacted by seawater exchange. Multiple geochemical indicators argue against deep seawater penetration at Conical Seamount. Recovered porefluids (below 15 m at Hole 780, and below 80 m at Hole 779) have very high pH (always >10, reaching 12.6 in Hole 780), high alkalinity (40 to 120 mmol/kg), Na/Cl ratios between 1.15 and 1.2, and high B and K contents (>3000 mmol/mg B and >18 mmol/kg K; by comparison seawater contains 420 mmol/kg B and 10.2 mmol/kg K [Mottl, 1992] ). These fluids are also anomalously low in Ca, Mg, Li, Cl, Br Mn, Ba, Si and d 34 S [Mottl, 1992] , supporting an origin via slab-dehydration reactions at depth.
[27] Near the ocean floor, the upward-migrating deep fluids meet seawater (Ca-rich and with much lower pH), triggering the precipitation of needle-like aragonite crystals, often >1 cm in size, within the serpentinite muds. The presence/absence and relative abundance of aragonite crystals can be used to estimate the depth of seawater penetration into the seamounts. At core depths of 0 to 5 mbsf, CaCO 3 contents in the muds may be as high as 36 wt% (for site 779A) and 20 wt% (for site 780C), dropping to values <1% below $10 mbsf [Mottl, 1992] . .
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Geosystems G 3 G [28] Low dD and high d 18 O values in Conical Seamount porefluids and muds also suggest that the porefluids are derived from mineral dehydration reactions at depth [Benton, 1997] . B abundance and B isotopic ratios in the serpentinites are sensitive to the complex changes in pH and pore water chemistry associated with seawater infiltration [Benton et al., 2001] -Vargas, 1998; Ishikawa and Tera, 1999; Hochstaedter et al., 2001) ] can also be used to identify downcore seawater-peridotite interactions (Figure 4 ).
6. Implications 6.1. Can Serpentinized Peridotites in the Forearc Play a Role in Generating Island Arc Lava Geochemical Signatures?
[29] Mantle peridotites are the dominant lithology contributing to the geochemical signature of arc source regions. However, since the upper mantle has a relatively simple mineralogy (OL + OPX ± CPX ± Sp), it is poor in chemical species other than Mg, Si, Fe, Mn, Cr, and Ni. Thus, in most arc petrogenetic models [Plank and Langmuir, 1998; Ishikawa and Tera, 1999; Hochstaedter et al., 2001] , the sources for arc lava elemental enrichments are characterized on the basis of the geochemical inventory of the subducting slab. During subduction, increasing pressures, temperatures and tectonic stresses in forearc regions trigger mineral transformations on the slab that result in large scale fluid expulsion [Tatsumi and Eggins, 1997; Schimdt and Poli, 1998, 2003; Hyndman and Peacock, 2003 ].
[30] To place a broad constraint on the magnitude of the forearc reservoir (and thereby on likely forearc elemental releases from the slab), we have estimated the mass transfer of elements which might occur if 100% of the slab-derived fluids released beneath the forearc were incorporated into forearc mantle serpentinites. According to Schmidt and Poli [1998] , $5.5 wt% H 2 O leaves subducting Pacific slabs under forearc (blueschist) conditions, which represents slab depths between 20 and 60 km. The mass of water in subducting basalts is $0.55 Â 10 9 g/m 2 of slab surface; in gabbros: $0.15 Â 10 9 g/m 2 , and in subducted trench sediments it is 0.015 Â 10 9 g/m 2 [see also Schmidt and Poli, 2003] . The total water available in the subducting column is $7.15 Â 10 8 g/m 2 (or $1.3 Â 10 8 g/m 2 /percent water loss during blueschist facies metamorphism). The above constraints give us a total water loss from the highly altered subducted crust under the Mariana forearc of $5.85 Â 10 8 g/m 2 . Calculating the dehydration-related water release occurring under the entire volume of the forearc and over $1000 km subduction zone length yields $5 Â 10 16 kg of H 2 O. This mass is only $0.0114 of the mass of the forearc mantle, using peridotite densities of 3.4 g/cm 3 . The mass of mantle peridotite in the Mariana forearc wedge is $4.4 Â 10 18 kg, and the mass of serpentinite formed in the forearc via incorporation of released slab fluids (using serpentinite density of 2.5 g/cm 3 ) is in the order of $6 Â 10 17 kg (assuming water is incorporated into peridotite up to $12 wt% to produce serpentine minerals [O'Hanley, 1996] ). Thus $13% of the Mariana forearc mantle would be serpentinized by slab-released fluids under Mariana forearc between 20 and 60 km depths.
[31] To estimate likely percentages of element transfer from slab to forearc mantle, we calculate and compare the mass of a given element in the Mariana slab inventory and in the serpentine produced by slab dehydration. Abundances of elements in the sedimentary and basaltic portions of the slab are based on ODP Leg 185 results [Plank et al., 2000; Kelley et al., 2003; Staudigel, 2003; Schmidt and Poli, 2003] ; the concentrations in serpentinites are based on the data shown in Tables 1a, 1b, 2a, 2b, and 4b; and depleted mantle values follow Salters and Stracke [2004] . The total mass of any species added to the forearc (mass of 
Geosystems G 3 G element in serpentinite minus mass of element in depleted mantle) is divided by the inventories in the slab (total mass of element in sediments plus total mass of element in basaltic crust). Compared to elemental inventories on the downgoing Pacific slabs, our estimates for the forearc serpentinite ''reservoir'' suggest large elemental releases in forearcs (Tables 4a and 4b ).
[32] If Pacific slabs sustained their current subduction dip and convergence rates for the entire $50 Ma history of active subduction in the Marianas (20°and 40 mm/yr, respectively) [Stern et al., 2004] , the fluid released in the forearc regions between 10 and 40 km depths would be capable of transforming all of the available mass of mantle wedge peridotites into serpentine two times. Our observations of core materials from Conical Seamount (ODP Leg 125) and of samples recovered by dredging or push coring at other serpentinite mud volcanoes [Fryer et al., 1999] , demonstrate that the forearc is not completely serpentinized.
Relatively unaltered peridotites are found in many forearc sites Pearce, 1992, 1998; Pearce et al., 2000; Savov, 2004] [Bebout and Barton, 1993; Bebout et al., 1999; Sadofsky and Bebout, 2003; King et al., 2003] , and the elemental enrichments reflected in these rocks must be subtracted from [1990, 1992] ; dehydration rates, mantle wedge mineralogy, and H 2 O content are from Poli [1998, 2003] and Hyndman and Peacock [2003] . We used the following densities: dry peridotite = 3.4 g/cm 3 ; AOC = 3 g/cm 3 ; Mariana Trench sediments = 1.86 g/cm 3 [Plank and Langmuir, 1998 ]. The lithologies, geochemistry, and densities are as follows: Mariana Trench sediments [Plank and Langmuir, 1998 ]; Pacific altered oceanic crust [AOC]: Kelley et al. [2003] and Staudigel [2003] , depleted mantle: Sun and McDonough [1989] , Salters and Stracke [2004] , and the GERM Web site. In the calculations the entire volume of the forearc between 0 and 10 km is not considered because the H 2 O budgets there are strongly affected by fluids leaving the sediment column, without mineral dehydration reactions taking place, much like at accretionary prisms [see You et al., 1993 You et al., , 1995 . Subtracted were also $10 km of forearc crust assuming possible presence of trapped Philippine Sea Plate oceanic crust [Stern et al., 2004] . [35] The results of our calculations are outlined in Figure 12 and in Tables 4a and 4b. We presume the ''forearc'' represents all mantle between 10 and 40 km depth-to-slab, as this encompasses the depth range of the Mariana serpentinite seamounts. What is clear is that the forearc ''reservoir'' is selective, playing a role in the subduction zone budgets of relatively few elements. However, for these ele-ments (in particular B, As, Cs and Li) the importance of this reservoir is substantial (Tables 4a and  4b ). The amount of water released every year from 1 m 2 section of the entire dehydrating portion of Pacific slabs under the Mariana forearc is in the order of $2.4 Â 10 10 kg/yr. Given that $12% H 2 O can be hosted in serpentine [O'Hanley, 1996; Schmidt and Poli, 1998 ], the amount of serpentine that this water can produce from fresh unaltered peridotite mantle is $2 Â 10 10 kg/yr. The amount of B incorporated annually into the serpentinized peridotites may be $3 Â 10 6 kg/yr, and the amount of subducted B at the Mariana Trench is on the order of $5.5 Â 10 6 kg/yr (B data for the subducted slab inventory after Staudigel [2003, and references therein] ). Comparing the subducting slab inputs with the forearc outputs shows that in the case of B, more than half of the entire slab inventory of this element may be released in forearc regions. This inferred B enrichment of the Figure 12 . Cartoon illustrating a cross section through the Mariana subarc mantle wedge region discussed in the text [see also Stern et al., 2004] . The main features in our slab inventory depletion calculations are as follows: 3, 2, and 1 are subducted sediments (500 m), altered basaltic crust (3.5 km), and gabbroic crust (3.5 km), respectively. Note the thinning of the sedimentary column with progressive subduction. The forearc mantle wedge dimensions we used are as follows: min. forearc depth (a) = 10 km; max. forearc depth (b) = 40 km; thickness of the forearc crust (c) = 10 km [Stern et al., 2004] ; length of the slab currently dehydrating under the Mariana forearc (d) = 85.4 km; section of arc considered for the calculations (e) = 1000 km. The arrow size indicates volume of fluid releases in the subarc region (consistent with the models of Schmidt and Poli [1998] and Hyndman and Peacock [2003] ). Note that the amount of fluid expulsion from the subducting slab is gradually decreasing with increasing depth. We used 20°P acific slab dip angle for the region between 10 and 40 km (the depth of active mud volcanism and blueschist facies metamorphism).
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Geosystems G 3 G forearc mantle wedge is consistent with the inferences of cross-arc studies that show little or no B is subducted past arcs [e.g., Ishikawa and Nakamura, 1994; Ryan et al., 1996; Noll et al., 1996] . Forearc inventories of As and Sb may be similarly substantial, but our constraints on the slab input of this and other chalcophile species are much poorer.
[36] In contrast to the contentions of Spandler et al. [2004] and Tenthorey and Herman [2004] , our results provide evidence for the substantial removal of slab-derived species into serpentinites in the Mariana forearc (Tables 4a and 4b). We suggest that the forearc plays a very important role in the geochemical cycles of fluid-mobile elements. However, our understanding of the role of forearcs in subduction zone geochemistry is incomplete, because the actual fluid outfluxes associated with serpentinite generation are unknown. Studies of exposed on-land forearc serpentinites (such as within the Franciscan mélange in California [Bebout et al., 1999; King et al., 2003] , may help improve our understanding of the three-dimensional structure of the serpentinite seamounts, toward quantifying the extent of mantle-fluid interaction and thereby of shallow FME outfluxes. Given the diverse and at times surprising behaviors of key trace species in forearc settings, documentation of the specific slab sources of these shallow depletions (i.e., sediment-versus altered crust-derived fluids) may require an approach different from that taken in the study of arcs.
